A patient with an influenza-like illness was first admitted to a hospital in Shanghai on 19 February 2013, and another similar case appeared 8 days later. Both patients died after approximately 2 weeks. The National Health and Family Planning Commission of China officially affirmed the pathogen being a new avian influenza virus (AIV) H7N9 subtype. Up to 20 April, 87 cases in humans were confirmed, 17 of whom died [1] . This study investigated the source of the virus and evolution.
We first conducted a homology analysis using MegAlign module of Lasergene7.0 software on an AIV isolate A/ Hangzhou/1/2013 (GenBank accession number KC853766) and found that its hemagglutinin (HA) gene was highly homologous to a strain A/duck/Zhejiang/12/ 2011 (H7N3) (accession number JQ906576) isolated in Hangzhou city (95.8% and 97.9% for nucleotide and derived amino acid sequences), which is likely the provider of HA gene of the H7N9 subtype.
The neuraminidase (NA) gene of the AIV isolate A/Hangzhou/1/2013 (GenBank accession number KC853765) was highly homologous with the isolate A/mallard/ Czech Republic/13 438-29K/2010 (H11N9) (accession number JF789604) (96.3% and 97.2% at nucleotide and derived amino acid level, respectively) as well as with another isolate A/Baikal teal/Hongze/ 14/2005(H11N9) (accession number GQ 184333) from Hongze Lake of Jiangsu province (96.2% and 96.8% for nucleotide and derived amino-acid sequences, respectively).
A maximum likelihood phylogenetic tree generated in Mega5.1 software also supports the above findings. Taking geographical locations into consideration, we tended to conclude that the new AIV H7N9 subtype was reassorted from A/ duck/Zhejiang/12/2011(H7N3) and A/ Baikal teal/Hongze/14/2005(H11N9).
We obtained 227 HA gene sequences for H7 subtype (excluding 677 sequences that were isolated from the same area in 2 years or less and had high homogeneity) and 322 NA gene sequences for N9 subtype from the NCBI Influenza Database on 6 April at 4:40 PM (Beijing time). In an analysis using Bootscan and Maxchi modules of the RDP-V2 software, both HA and NA genes of A/Hangzhou/1/ 2013 displayed a trait of independent evolution and were not involved in the recombination events. Reassortment from mixed infections between influenza subtypes was more likely for this new AIV H7N9 subtype development.
We selected 100 HA and NA gene sequences with higher homogeneity for amino acid alignment analysis. For HA, the isolate A/Hangzhou/1/2013 had a low pathogenicity because its HA1/HA2 cleavage site is the lowly pathogenic motif PEIPKGR/GLF [2] [3] [4] ; however, there were 5 unusual mutation sites: DS on site 183 (site 167 in mature HA1 subunit), I → V on 188 (HA1 172), Q → I on 235 (HA1 219), T → N on 410 (HA2), and A → V on 541 (HA2). All the 3 mutations in HA1 were located closely to the domain of HA receptor binding (α-helical on 188-190, 130-loop on 134-138, 220-loop on 221-228) and the Q → I mutation was adjacent to the 220-loop, a vital site for the receptor binding at which some mutations can effectively trigger a human infection. These variations were highly suspected to result in the spillover infection from avian to human [5] [6] [7] (Figure 1A) . Similarly, several variations were identified for the Chenglong Xiong, 1 Zhijie Zhang,
